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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable the constitution by combination of 
excimer optical components with an optimized wave front by measuring the 
liq. surface characteristics of each optical component of an excimer laser 
and selecting and combining the optical components, based thereon, to 
determine the shape of a laser wave front emitted from the excimer laser. 
SOLUTION: A laser beam 29 oscillating from an Ar double-wave laser 25 
nearly at the oscillation wavelength of e.g. a KrF excimer laser is set to a 
reference light, the laser 29 passes through a diffusion lens 26m, beam 
splitter 28 and collimator lens 27 to magnify, and a plain wave 40 is incident 
on a reference mirror 31 from a half-mirror. If the wave front of the light 
passed through a prism 7 is an emission wave front 41, it is perpendicularly 
incident on a mirror 24 and reflected to pass reversely through the prism 7 
to the reference mirror 31 . resulting in a measured light having a wave front 
42. An interference fringe 33 contg. wave front information after passing 
through an image- forming lens 35 is analyzed by an interferometer 
controller 38 to know the shape of the wave front 42 of the measured light. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] Narrow-band oscillation excimer laser which performs a narrow-band oscillation (4) Wave-front property W which is the 
configuration of the outgoing radiation wave front at the time of setting and carrying out incidence of the known wave front to 
each optic (41) (X. Y) It measures, each of this wave-front property W (X, Y) being based — excimer laser (4) from — laser beam 
(3) which carries out outgoing radiation The wave-front configuration KL (X. Y) of the laser wave front (39) which is a wave front 
is calculated. Narrow-band oscillation excimer laser characterized by having the optic chosen and adjusted so that the wave- 
front configuration KL (X, Y) of this laser wave front (39) might turn into a predetermined configuration (4) . 
[Claim 2] Narrow-band oscillation excimer laser which is equipped with the narrow-band-ized unit (12) which has an optic for 
performing narrow-band-ization, and performs a narrow-band oscillation (4) It sets. Wave-front property W which is the 
configuration of the outgoing radiation wave front at the time of carrying out incidence of the known wave front to each optic 
(41) (X. Y) It measures. Each of this wave-front property W (X. Y) Laser beam which it is based and carries out outgoing radiation 
from a narrow-band-ized unit (12) (3) The wave-front configuration KU (X, Y) of the unit wave front (34) which is a wave front is 
calculated. It had the optic of a narrow-band-ized unit (12) chosen and aojusted so that the wave-front configuration KU (X. Y) 
of this unit wave front (34) might turn into a predetermined configuration. Narrow-band oscillation excimer laser characterized by 
things (4) . 

[Claim 3] Oscillated laser beam (3) Beam expander operated orthopedically (9) Beam expander (9) Narrow-band oscillation 
excimer laser which has the grating (10) which carries out incidence of the outgoing radiation light, and narrow-band-izes it (4) It 
sets. Wave-front property W which is the configuration of the outgoing radiation wave front at the time of carrying out incidence 
of the known wave front to each optic (41) (X, Y) It measures. Each of this wave-front property W (X, Y) It is based and is said 
beam expander (9). Laser beam which carries out outgoing radiation when it uses (3) The wave-front configuration KG (X. Y) of 
the grating wave front (15) which is the component which constitutes a wave front is calculated. Said beam expander chosen and 
adjusted so that the wave-front configuration KG (X, Y) of this grating wave front (15) might turn into a predetermined 
configuration (9) Narrow-band oscillation excimer laser characterized by having an optic (4) . 

[Claim 4] Narrow-band oscillation excimer laser which performs a narrow-band oscillation (4) It sets and it is said narrow-band 
oscillation excimer laser (4). Narrow-band oscillation excimer laser characterized by having measured the wave-front 
configuration KL (X. Y) of the laser wave front (39) which is an outgoing radiation wave front at the time of carrying out incidence 
of the known wave front (41), and having an adjustment means to adjust a wave front so that this wave-front configuration KL 
(X, Y) may turn into a predetermined configuration (4) . 

[Claim 5] Narrow-band oscillation excimer laser which is equipped with the narrow-band-ized unit (12) which has an optic for 
performing narrow-band-ization, and performs a narrow-band oscillation (4) It sets. The wave-front configuration KU (X. Y) of the 
unit wave front (34) which is an outgoing radiation wave front (41) at the time of carrying out incidence of the known wave front 
to said narrow-band-ized unit (12) is measured. Narrow-band oscillation excimer laser characterized by having the narrow-band- 
ized unit (12) which has an adjustment means to adjust a wave front so that this wave-front configuration KU (X, Y) may turn 
into a predetermined configuration (4) . 

[Claim 6] Narrow-band oscillation excimer laser which performs a narrow-band oscillation (4) In the wave-front optimization 
approach Wave-front property W which is the configuration of the outgoing radiation wave front at the time of carrying out 
incidence of the known wave front (41) (X. Y) It measures to each optic. Each of this wave-front property W (X. Y) Wave-front 
configuration K at the time of being based and combining each optic (X, Y) It calculates. This wave-front configuration K (X, Y) 
Narrow-band oscillation excimer laser characterized by choosing said each optic so that it may become a predetermined 
configuration (4) The wave-front optimization approach. 

[Claim 7] Narrow-band oscillation excimer laser which performs a narrow-band oscillation (4) In the wave-front optimization 
approach Assemble a narrow-band-ized unit (1 2) and the wave-front configuration KU (X, Y) of the unit wave front (34) which is 
an outgoing radiation wave front (41) at the time of carrying out incidence of the known wave front to said narrow-band-ized unit 
(12) is measured to said assembled narrow-band-ized unit (12). Narrowband oscillation excimer laser characterized by adjusting 
said optic so that this wave-front configuration KU (X, Y) may turn into a predetermined configuration (4) The wave-front 
optimization approach. 

[Claim 8] Narrow-band oscillation excimer laser which performs a narrow-band oscillation (4) In the wave-front optimization 
approach Narrow-band oscillation excimer laser (4) It assembles and is this narrow-band oscillation excimer laser (4). It is said 
assembled excimer laser (4) about the wave-front configuration KL (X. Y) of the laser wave front (39) which is an outgoing 
radiation wave front at the time of carrying out incidence of the known wave front (41). It receives and measures. Narrow-band 
oscillation excimer laser characterized by aojusting said optic so that this wave-front configuration KL (X, Y) may turn into a 
predetermined configuration (4) The wave-front optimization approach. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] This invention relates to the approach of optimizing the wave front of narrow-band oscillation excimer 

laser combining an optic, and the narrow-band oscillation excimer laser which had the wave front ODtimized 

[0002] 

[Description of the Prior Art] From the former, utilization of excimer laser is advanced as the light source of the contraction 
projection aligner for semiconductor fabrication machines and equipment (henceforth a stepper). Since the wavelength of excimer 
laser is short and this can resolve a detailed pattern by optical elements, such as a lens, in the case of processing, it is because 
more precise processing is possible. 

[0003] However, the light oscillated from this excimer laser has the wide line breadth which is the spectral band width of that 
wavelength as an object for steppers, and since main wavelength is moreover changed, if it remains as it is. in case it penetrates 
optical elements, such as a lens, chromatic aberration and focal dotage arise and it causes an exposure mistake. Therefore the 
technique of narrow-band-izing which carries wavelength selection components, such as a grating, in the resonator of excimer 
laser, and narrows said line breadth, and stabilizes said main wavelength is indispensable. The stability of this line breadth and 
main wavelength is named a wavelength property generically. 

[0004] Drawing 15 is an example of the technique which the applicant for this patent indicated to Japanese Patent Application 
No. No. (un-opening to the public) 174478 [ nine to J. and explains the conventional technique based on this drawing below In 
this drawing, the closure of the laser gas is carried out to the chamber 1 of excimer laser 4. energy is supplied by discharge by 
the discharge electrode 2. and a laser beam 3 is oscillated by it. Outgoing radiation of this laser beam 3 is carried out from the 
rear window 5. while passing the beam expander 9. that path can extend it. and it carries out incidence to a grating 10. The 
include angle to the optical path of a laser beam 3 is controlled by the include-angle actuator which is not illustrated, and the 
grating 10 is performing said narrow-band-ization by oscillating only the selected, predetermined wavelength. The beam expander 
9 and a grating 10 are named the narrow-band-ized unit 12 generically. The laser beam 3 which had wavelength controlled by this 
narrow-band-ized unit 12 penetrates the front window 13. penetrates the front mirror 14 whose part is a partial reflection mirror 
and it carries out outgoing radiation leftward in drawing. Moreover, the way things stand, since the cross-section configuration of 
a laser beam 3 is changed according to the situation of discharge, for using it for exposure of a stepper etc., it is unsuitable and 
rnnn^o ° perate ortno e edical| y in configuration of a request of this, aperture 6 is inserted into the resonator. 
L0005J By the way. according to said conventional technique, being distorted, while a laser beam 3 passes through the interior of 

rX^ ° r t ^ ' aSer bB T 3 Which W3S Plane wave which has a P<"Pendicular wave front to an optical axis 

reflects on a front face at the beginning is known. This is based on causes, such as diffraction in the heterogeneity of the 
refractrve-mdex d.stnbution inside an optic, the heterogeneity of the process tolerance of the front face, or the edge of aperture 

[0006] Hereafter distortion of said wave front is explained based on drawing 16 and drawing 17 . The laser beam 3 which is the 
plane wave 19 which has a perpendicular perpendicular wave front in drawing 16 from the left in drawing to an optical axis 18 
rl« e where incidence is earned out to the window 16 which carried out the configuration where the center section 
swelled slightly Since the rate of specific refraction of glass is about about 1.5. in case the inside of glass is penetrated, the 
velocity of light falls to 3 by about 2/ and the light which passes through the center section of this window 16 is in advance of a 
wave front ,n order to have to pass a long distance compared with the light which passes through that edge. That is. a window 16 
has the property of changing the wave front of the laser beam 3 to penetrate to the concave surface wave 21 on which the 
center was dented to the travelling direction. Since it has the property made into the convex wave in which the center projected 
the wave front of the transmitted light by the reason nil why this laser beam 3 is still more opposite to the case of the Sow 16 
which mentioned this window 17 above when incidence was carried out to the window 17 of the configuration where the center 
was dented slightly, the wave front of a laser beam 3 will return to the original plane wave 1 9 mostly n wnere the center 

17°I!IL Ne ^ aft !I.^ e la ^ beam 3 «hich has the plane wave 19 which carried out incidence from the left in drawing in drawing 
17 passes through the window 16 where the center section swelled slightly like the above and changes to said concave s_rf_c^ 

whlh l^VTJS 1. 6r °? refl J eCt ° r iS refleCted by the total reaction mirror 22 which carried out the configuration 

which swelled slightly is shown. It ,s reflected where a concave surface is maintained, and the concave surface wave 21 turns 
into the convex wave 23 which goes leftward in drawing. And it is returned to a plane wave 19 by re-passing through said Tndow 
16. Thus, distortion of the wave front of a laser beam 3 also changes variously by combining the optic which has various 
properties. 

[0008] Since incidence will be carried out at the include angle from which a laser beam 3 differs into each slot of a grating 10 

wavl^^T* WaVC " "2 °° n u aV 1 L SUrfaCe W3Ve 21 CarTV ° Ut incidence to «™*« 10 ° f a flat configuration, the 
eZlT^ Select \ on engine performance by the grating 10 will be reduced. For this reason, phenomena, like said line breadth 
rnnnol Tu CCUr ' narrow-band-ization does not die well, but the wavelength property of laser falls. 

cnnwl J£r.' ♦ amends u tne wavelength selection properties and is trying to acquire said good wavelength property in said 
frlnt „f th? techn,qUe by b _? n _" n * a 8 ratin g 10 with the curvature actuator which is not illustrated to the irregularity of the wave 
3 - *! 1™ 3 Whlch Cames out incidence to a grating 10. This is called wave-front amendment, 

narrow-b^ explained *° a deta " ba ^d on drawing 18 . This drawing is the detail drawing of the 

narrow band ized unit 12. Here, the beam expander 9 shall become the grating wave front 15 which has the concave surface 
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wave on which the center was dented, when the incident wave side 32 which prism 7A and prism 7B shall be consisted of and 
carried out incidence to this as shown in this drawing passes said beam expander 9. The force of drawing Nakaya mark 10a is 
applied to a grating 10, and he incurvates a convex and is trying to double the front face in parallel with said concave surface 
wave with said conventional technique with said curvature actuator which is not illustrated to this. Thereby, since a laser beam 3 
carries out incidence to each slot of a grating 10 at an almost equal include angle, a good wavelength property can be acquired 
What is necessary is making it just incurvate the front face of a grating 10 on a concave surface conversely, if the grating wave 
front's 15 is a convex wave. 
[0011] 

[Problem(s) to be Solved by the Invention] However, there are the following troubles in wave-front amendment in said 
conventional technique. 

[0012] First, although only bending of a grating 10 is performing said wave-front amendment with the conventional technique a 
grating 10 may be damaged by this bending. Moreover, the precise slot is minced by the front face of a grating 10, and a limitation 
is located in the tolerance of the curvature bent without reducing the wavelength selection engine performance. Therefore, when 
distortion of the grating wave front 15 becomes larger than said tolerance, by this approach, it becomes impossible to perform 
wave-front amendment to the grating wave front 15. and said wavelength property of excimer laser 4 falls. 

[0013] Moreover, said wave-front amendment carries said narrow-band-ized unit 12 in excimer laser 4. oscillates excimer laser 4 
and it must be performed, measuring the wavelength property. Therefore, the effectiveness of wave-front amendment is unknown 
until it makes it actually oscillate, and when wave-front amendment does not die well, in order to have to exchange some optics 
of said narrow-band-ized unit 12 and to have to re-measure a wavelength property, investigation of a cause takes a long time 
Moreover, since skill is needed for said wave-front amendment, the result of wave-front amendment changes with operators, and 
dispersion in the repeatability about a wavelength property becomes large. 

[0014] Furthermore, even if each optic of extent which distorts a wave front is not large, distortion of said wave front may be 
amplified by combining these. With the conventional technique, each optic is combined at random and the grating 10 is performing 
wave-front amendment corresponding to distortion of the wave front produced as a result. Therefore, if the property of each 
optic is unknown and selection of combination is mistaken, the cost of that a suitable optic may be judged to be unsuitable and 
may be abandoned and components purchase will increase. 

[0015] This invention is made paying attention to the above-mentioned trouble, and aims at offering the narrow-band oscillation 
excimer laser which can be constituted with the combination of the optic for excimer laser with which the wave front was 
optimized, and its wave-front optimization approach 
[0016] 

[Means Solving the Problem and its Function and Effect] In order to attain the above-mentioned purpose, invention according 
to claim 1 Wave-front property W which is the configuration of the outgoing radiation wave front 41 at the time of carrying out 
incidence of the known wave front to each optic in the narrow-band oscillation excimer laser 4 which performs a narrow-band 
oscillation (X, Y) It measures. Each of this wave-front property W (X. Y) It is based and the wave-front configuration KL (X Y) of 
the laser wave front 39 which is a wave front of the laser beam 3 which carries out outgoing radiation from excimer laser 4 is 
calculated. It has the optic chosen and adjusted so that the wave-front configuration KL (X. Y) of this laser wave front 39 might 
turn into a predetermined configuration. 

[0017] A wave-front property is measured about each optic of excimer laser, and he chooses and combines an optic based on 
this, and is trying for the wave-front configuration of the laser wave front which carries out outgoing radiation to turn into a 
predetermined configuration from excimer laser according to invention according to claim 1. since the wave-front configuration of 
a laser wave front has the optimal configuration to a wavelength property — this — actually — an oscillation — not carrying out 
— ** — a wavelength property — or it can optimize so that it may store in the predetermined range, and the laser beam of eood 
optical grace can be obtained. 6 

[0018] Moreover, have the narrow-band-ized unit 12 which has an optic for invention according to claim 2 to perform narrow- 
band-ization, and it sets to the narrow-band oscillation excimer laser 4 which performs a narrow-band oscillation Wave-front 
property W which is the configuration of the outgoing radiation wave front 41 at the time of carrying out incidence of the known 
wave front to each optic (X, Y) It measures. Each of this wave-front property W (X, Y) It is based and the wave-front 
configuration KU (X, Y) of the unit wave front 34 which is a wave front of the laser beam 3 which carries out outgoing radiation 
from the narrow-band-ized unit 12 is calculated. It has the optic of the narrow-band-ized unit 12 chosen and adjusted so that 
the wave-front configuration KU (X, Y) of this unit wave front 34 might turn into a predetermined configuration 
[0019] A wave-front property is measured about each optic of a narrow-band-ized unit, and he chooses and combines an optic 
based on this, and is trying for the wave-front configuration of the unit wave front which carries out outgoing radiation to turn 
into a predetermined configuration from a narrow-band-ized unit according to invention according to claim 2. since the wave- 
front configuration of a unit wave front has the optimal configuration to a wavelength property — this — actually — an 
oscillation — not carrying out — ** — a wavelength property — or it can optimize so that it may store in the predetermined 
range, and the laser beam of good optical grace can be obtained. 

[0020] Moreover, invention according to claim 3 is set to the narrow-band oscillation excimer laser 4 which has the beam 
expander 9 which operates the oscillated laser beam 3 orthopedically, and the grating 10 which carries out incidence of the 
outgoing radiation light of the beam expander 9, and narrow-band-izes it. Wave-front property W which is the configuration of the 
outgoing radiation wave front 41 at the time of carrying out incidence of the known wave front to each optic (X Y) It measures 
Each of this wave-front property W (X, Y) It is based and the wave-front configuration KG of the grating wave front 15 which is 
the component which constitutes the wave front of the laser beam 3 which carries out outgoing radiation from said beam 
expander 9 (X, Y) is calculated. It has the optic of said beam expander 9 chosen and adjusted so that the wave-front 
configuration KG of this grating wave front 1 5 (X. Y) might turn into a predetermined configuration. 

L0021 J According to invention according to claim 3. a wave-front property is measured about each optic, an optic is chosen and 
combined based on this, and it is made to make the wave-front configuration of the laser beam which carries out outgoing 
radiation of the beam expander, and carries out incidence to a grating into a predetermined configuration. Thereby, since it 
becomes unnecessary to bend a grating greatly for wave-front amendment, the wavelength selection properties of a grating do 
n££ u WaVe ~ fr ° n u t amendment can be performed suitably. Moreover, the laser beam of good optical grace can be obtained. 
L0022J Moreover in the narrow-band oscillation excimer laser 4 which performs a narrow-band oscillation, invention according to 

aSe ZVlf7^n^^T * L ( *' Y> ° f ' aSer W3VG fr ° nt 39 which is the radiatjo " wave fr °nt 41 

at the time of carry.ng out incidence of the known wave front to said narrow-band oscillation excimer laser 4. and is equipped 
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with an adjustment means to adjust a wave front so that this wave-front configuration KL (X, Y) may turn into a predetermined 
configuration. 

[0023] According to invention according to claim 4. the wave-front configuration of the laser wave front which is an outgoing 
radiation wave front at the time of carrying out incidence of the known wave front to narrow-band oscillation excimer laser is 
measured, and the optic is adjusted so that it may become a predetermined configuration about this, since the wave-front 
configuration of a laser wave front has the optimal configuration to a wavelength property — this — actually — an oscillation — 
not carrying out — ** — a wavelength property — or it can optimize so that it may store in the predetermined range, and the 
laser beam of good optical grace can be obtained. Moreover, it is possible for it not to be based on said wave-front property of 
each optic, but to optimize the whole excimer laser. 

[0024] Moreover, have the narrow-band-ized unit 12 which has an optic for invention according to claim 5 to perform narrow- 
band-ization, and it sets to the narrow-band oscillation excimer laser 4 which performs a narrow-band oscillation. The wave- 
front configuration KU (X, Y) of the unit wave front 34 which is the outgoing radiation wave front 41 at the time of carrying out 
incidence of the known wave front to said narrow-band-ized unit 12 was measured, and it has the narrow-band-ized unit 12 
which has an aojustment means to adjust a wave front so that this wave-front configuration KU (X, Y) may turn into a 
predetermined configuration. 

[0025] According to invention according to claim 5. the wave-front configuration of the unit wave front which is an outgoing 
radiation wave front at the time of carrying out incidence of the known wave front to said narrow-band-ized unit is measured, 
and the optic is adjusted so that it may become a predetermined configuration about this. Since the wave-front configuration of 
a unit wave front has the optimal configuration to a wavelength property, it can optimize a wavelength property, or can store it in 
the predetermined range, without actually oscillating by this, and can obtain the laser beam of good optical grace. Moreover, it is 
possible for it not to be based on said wave-front property of each optic, but to optimize the whole narrow-band-ized unit 
[0026] Moreover, invention according to claim 6 is set to the wave-front optimization approach of the narrow-band oscillation 
excimer laser 4 which performs a narrowband oscillation. Wave-front property W which is the configuration of the outgoing 
radiation wave front 41 at the time of carrying out incidence of the known wave front (X. Y) It measures to each optic. Each of 
this wave-front property W (X. Y) Wave-front configuration K at the time of being based and combining each optic (X. Y) It 
calculates and is this wave-front configuration K (X. Y). It is made to choose said each optic so that it may become a 
predetermined configuration. 

[0027] According to invention according to claim 6. a wave-front property is measured to each optic, when these optics are 
combined, the wave-front configuration of the laser beam which carries out outgoing radiation from these optics is drawn by the 
operation, and the optic is chosen so that this may serve as a predetermined configuration. Since the wave-front configuration of 
an optic has the optimal configuration to a wavelength property, it can choose the combination of a suitable optic thereby 
beforehand, can assemble excimer laser, and can obtain the laser beam of good optical grace. 

[0028] Moreover, invention according to claim 7 is set to the wave-front optimization approach of the narrow-band oscillation 
excimer laser 4 which performs a narrow-band oscillation. Assemble the narrow-band-ized unit 12 and the wave-front 
configuration KU (X. Y) of the unit wave front 34 which is the outgoing radiation wave front 41 at the time of carrying out 
incidence of the known wave front to said narrow-band-ized unit 12 is measured to said assembled narrow-band-ized unit 12 It 
is made to adjust an optic so that this wave-front configuration KU (X, Y) may turn into a predetermined configuration. 
[0029] According to invention according to claim 7. a narrow-band-ized unit is assembled, the wave-front configuration of the 
unit wave front which is an outgoing radiation wave front at the time of carrying out incidence of the known wave front to this 
narrow-band-ized unit is measured, and each optic of a narrow-band-ized unit is aojusted so that this may become a 
predetermined configuration. Since the wave-front configuration of this narrow-band-ized unit has the optimal configuration to a 
wavelength property, the laser beam of good optical grace can be obtained by adjusting this to a predetermined configuration. 
Moreover, since it can aojust before carrying the assembled optic in laser, after being able to store a wavelength property in the 
predetermined range and carrying it. without actually oscillating, it does not say that aojustment does not die well and acjjustment 
time amount can be shortened. Moreover, the power for an oscillation is unnecessary at the time of adjustment, and the cost for 
adjustment can be reduced at it. 

[0030] Moreover, invention according to claim 8 is set to the wave-front optimization approach of the narrow-band oscillation 
excimer laser 4 which performs a narrow-band oscillation. Assemble the narrow-band oscillation excimer laser 4. and the wave- 
front configuration KL (X, Y) of the laser wave front 39 which is the outgoing radiation wave front 41 at the time of carrying out 
incidence of the known wave front to this narrow-band oscillation excimer laser 4 is measured to said assembled excimer laser 4 
It is made to aojust an optic so that this wave-front configuration KL (X. Y) may turn into a predetermined configuration. 
L0031 J According to invention according to claim 8. narrow-band oscillation excimer laser is assembled, the wave-front 
configuration of the laser wave front which is an outgoing radiation wave front at the time of carrying out incidence of the known 
wave front to this excimer laser is measured, and each optic of excimer laser is aojusted so that this may become a 
predetermined configuration. Since the wave-front configuration of excimer laser has the optimal configuration to a wavelength 
property, the laser beam of good optical grace can be obtained by aojusting this to a predetermined configuration. Moreover 
since it can aojust before carrying the assembled optic in laser, after being able to store a wavelength property in the 
predetermined range and carrying it. without actually oscillating, it does not say that aojustment does not die well and adjustment 
time amount can be shortened. Moreover, the power for an oscillation is unnecessary at the time of aojustment. and the cost for 
aojustment can be reduced at it. 



[0032] 



[Embodiment of the Invention] Hereafter, the operation gestalt concerning this invention is explained to a detail, referring to 
r™"^" add, f°". what attached the same sign in drawing shall express the same configuration as the conventional technique. 
L0033J The 1st operation gestalt is explained based on drawing 1 - drawing 2 . The configuration at the time of measuring the 
property of the pnsm 7 which is the measuring object 8 with the Fizeau interferometer to drawing 1 is shown. In this drawing, the 
laser beam 29 oscillated from the argon double wave laser 25 with the oscillation wavelength near the oscillation wavelength of 
248nm which is the oscillation wavelength of KrF excimer laser is made into criteria light, the diffusion lens 26. a beam splitter 28 
and a collimator lens 27 are made to penetrate, this laser beam 29 is expanded, and incidence of the expanded plane wave 40 is 
earned out to the reference mirror 31 which consists of a partial transparency mirror. Precision polish of both sides is carried 
out in parallel, and this reference mirror 31 is suppressing distortion of the wave front by transparency or reflection to the 
minimum. 

[0034] A part is reflected by said reference mirror 31, and said laser beam 29 turns into a reference beam, and a part penetrates 
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the reference mirror 31 and it carries out incidence to the prism 7 which is the measuring object 8. If the wave front of the light 
wh.ch penetrated pnsm 7 is made into the outgoing radiation wave front 41. this carries out incidence at right angles to a mirror 
24 and is reflected, said pnsm 7 will be penetrated to the reverse sense, incidence will be carried out to the reference mirror 31 
at the reverse sense, and .t w.ll become a measuring beam with a wave front 42. Precision polish of the front face is evenly 
earned out like said reference mirror 31 . and he is trying for a mirror 24 to reflect the wave front of the light which carried out 
incidence in a form as it is. 

[0035] Here, it is reflected in the drawing Nakashita sense by the beam splitter 28. and said reference beam and measuring beam 
carry out .mage formation of the interference fringe 33 which passes the image formation lens 35 and includes wave-front 
information to CCD camera 36. Moreover, based on the command from the interferometer controller 38 equipped with CPU by 
dnvmg the piezo actuator 30 using a piezo-electric element, said reference mirror 31 can be moved slightly to 2 shaft 
orientations in drawing, and said interference fringe 33 moves it with this migration. By analyzing the image of this interference 
fringe 33 by said interferometer controller 38. the configuration of the wave front 42 of a measuring beam can be known, and the 
configurate of toe , outgoing radiation wave front 41 can be calculated from here. When carrying out incidence of the plane wave 
40 to this pnsm 7. the configuration of the outgoing radiation wave front 41 is a thing showing what kind of outgoing radiation 
wave front 41 carries out outgoing radiation, can be expressed as a function of the inside X of drawing and a Y-axis and calls 
this function the wave-front property Wp (X. Y) of prism 7. Moreover, this wave-front property Wp (X Y) is approximated by the 
operabon in toe interferometer controller 38 on a curved surface, and it is the radius of curvature Rp of the outgoing radiation 
wave front 41. Computing is also possible. Thus, the Fizeau interferometer shown in this drawing can be used as a wave-front 
property measuring device 20 which measures the wave-front property Wp (X. Y) of prism 7 

[0036] the incident wave side 32 which carries out incidence to the narrow-band-ized unit 12 at this time as shown in said 
drawing 18 — a plane wave — it is — said measurement — the wave-front property W of Prism 7A and 7B (X Y) — 
respectively - the wave-front property WpA (X. Y) and wave-front property WpB (X. Y) it was - supposing - the configuration 
of the grating wave front 15 which carries out incidence to a grating 10 can be expressed as a function of the inside X of 
drawing, and a Y-axis. This function is expressed with the wave-front configuration KG (X. Y). a call, and the following several 1 
Equation 1] KG(X. Y) =WpA (X. YHWpB (X. Y) (X. Y) W. i.e.. the wave-front property of each optic. iC££5XS< if 
the wave front which passed or reflected these optics by measuring (X. Y) It can know. 

[0037] Moreover, radius of cuivature RG of the wave-front configuration KG of this grating wave front 15 (X Y) to the grating 
wave front 15 It can calculate. This radius of curvature RG If it can store in the tolerance to which the wavelength selection 
properties of a grating 10 do not fall, it is possible to perform said wave-front amendment 

[0038] Said wave-front property W of each optic which constitutes the narrow-band-ized unit 12 in drawing 2 (X Y) is measured 
and it is said radius of curvature RG. A flow chart shows an example of the procedure for storing in said tolerance First each 
wave-front property WpA (X. Y) of the prism 7A and 7B which carried out [ above-mentioned ] selection using the wave-front 
property measuring device 20 as the prism 7A and 7B used for the narrow-band-ized unit 12 is selected (step SI) and said 
drawin K 1 ef'a'ned and WpB (X. Y) It measures (step S2) and they are the radius of curvatures RA and RB of each wave front 
from there It calculates (step S3). Next, these radius of curvatures RA and RB It checks whether it goes into predetermined 
tolerance (step S4). an optic is newly selected about what is not contained in tolerance (step S5). and it returns to step S2 and 
is the wave-front property W (X. Y). It measures again. It is because it can judge that that from which, as for this the radius of 
curvature R of said outgoing radiation wave front 41 has shifted [ tolerance ] has bad process tolerance, or the interior is 
distorted. The wave-front configuration KG of the grating wave front 15 which will carry out incidence to a grating 10 according 
to said-one number if the radius of curvature R of each optic is in tolerance at step S3 (X. Y) is searched for (step S6) and it is 
the radius of curvature RG of the grating wave front 1 5. It asks (step S7). Here, it is this radius of curvature RG. Since said 
wave-front amendment does not die well even if it bends a grating 1 0. if it checks whether it goes into predetermined tolerance 
(step S9) and does not go into tolerance, if it returned to step S1. selection of components was redone and it enters in 
tolerance, the narrow-band-ized unit 12 will be assembled using these components (step S1 1) 

W039] In said Procedure, when the beam expander 9 contains other optics in addition to two prism 7A and 7B It is the wave- 
front property W of those optics (X Y at step S2. Measure and radius of curvature R is searched for. It is each wave-front 
property W (X Y) like in case it checks that they are in tolerance by step S4 and the wave-front configuration KG of the 
SmaLTd^uble " Sear ° hed f<>r * Step S6 ] Several What is ^cessary is to carry out the guide peg of all and just 

[0040] Thus, according to this operation gestalt. it is the wave-front property W (X. Y) about each optic first. It measures and 
they are those wave-front properties W (X. Y). By adding, the wave-front configuration KG of the grating wave front 15 which 
carries out incidence to a grating 10 (X. Y) is searched for. and it is radius of curvature RG from to^re. It calculated' and tof 
optic is selected so that this may be settled in predetermined tolerance. Thereby, the suitable components for said narrow- 
band .zing can be selected m a short time, without actually assembling the narrow-band-ized unit 12. Then, said radius of 
ZZZSZS -ndT ,S Settl f d ' redete ™" ed tolerance, it is possible to bend a grating 10 and to perform said wave-front 
amendment, and the excimer laser 4 of good optical grace can be obtained. Moreover, it is also possible to acquire a good 
wavelength property, without bending a grating 10. acquire a gooo 

[0041] Next the 2nd operation gestalt is explained based on drawing 3 - drawing 7 . In addition, what attached the same sign in 
drawing shall express the same configuration as the conventional technique and said operation gestalt. The configuration of the 
excimer laser 4 concerning the 2nd operation gestalt is shown in drawing 3 . As shown in this drawing, said narrow-band-ized unit 
12 of this excimer laser 4 consists of prism 7A. 7B. and 7C. a min-or 37. and a grating 10. While passing Prism 7A and 7B toe 
path can be extended. ,t reflects by the mirror 37. and by prism 7C. the laser beam 3 which carried out outgTinY radiation from 
the rear window 5 *ke said operation gestalt can extend the path again, and it carries out incidence to a grating 10 The mSrcr 37 
,s p.votable ,n the drawing Nakaya mark direction by the rotation actuator which is not illustrated, and can change the "selection 
wavelength of a grating 10 by this rotation. The grating 10 is performing said narrow-band-ization by osclting only toe 
predetermined wavelength which the include angle to the optical path of a laser beam 3 was controHed by the in^ude-angle 
actuator which ,s not ,l ustrated. and was chosen by it Moreover, it is possible to bend a grating 10 and to perf"™ said wYve- 
ESTA? TZ ? mCnt W,th 0,6 curvature actuator which is not illustrated, like said operation gestalt 

L0042] Said grating : 10 and mirror 37 are installed in drawing 4 as toe measuring object 8 like toe prism 7 of said drawin E 1 and 
Yi JT^rT^U k 6 tJ* measu ^ g the wave-front property Wg (X. Y) of a grating 10 and the wave-front property Wm (X 
Y) of a mirror 37 is shown. Thus, wave-front property W of each optic which constitutes the narrow-band-ized unit 12 for toe 
Fizeau interferometer shown in this drawing (X. Y) It can use as a wave-front property measuring device 20 to measure 
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[0043] It is the wave-front property W (X, Y) of each optic which constitutes the narrow-band-ized unit 12 like said-one number 
as for this wave-front configuration KU (X. Y) if the wave front of the laser beam 3 which carries out outgoing radiation from the 
narrow-band-ized unit 12 is made into the unit wave front 34 at this time and that wave-front configuration is made into the 
wave-front configuration KU (X, Y). It asks by adding in the sequence in alignment with an optical path. 

[0044] Then, wave-front property W of each optic which constitutes the narrow-band-ized unit 12 based on said drawing 1 and 
drawing 4 (X. Y) It measures. Prism 7A, 7B, and 7C. a mirror 37. and wave-front property W of a grating 10 (X Y) resDectivelv if 
WpA (X. Y), WpB (X. Y), WpC (X. Y). Wm (X. Y). and Wg (X. Y). the wave-front configuration KU (X. Y) will be searched for by the 
following several 2. 

[Equation 2] KU(X. Y) =WpA (X. Y)+WpB (X. Y>+Wm(X. Y)+WpC (X. Y)+Wg(X. YHWpC (X. Y>+Wm(X, YHWpB (X. YHWpA (X Y) — 
radius of curvature RU of this wave-front configuration KU (X. Y) to the unit wave front 34 It can ask. Here, it is radius of 
curvature RU. It is flatness FU about the inverse number. It carries out. 

[0045] The relation between said line breadth of excimer laser 4 and the flatness FU of said unit wave front 34 is shown in 
drawing 5 . Said flatness FU The point set to 0 is a point that said unit wave front 34 serves as a plane wave. From this drawing, 
it is flatness FU. It is the optimal flatness FUop to the line breadth of excimer laser 4. It turns out that it has. That is. it is 
flatness FU in order to make line breadth of excimer laser 4 into min. The optimal flatness FUop If it is made in agreement, said 
unit wave front 34 can be optimized and said line breadth will serve as min. Moreover, in order to hold down line breadth to below 
a line breadth allowed value required for exposure of a stepper, it is said flatness FU. What is necessary is just to make it store in 
predetermined tolerance. 

[0046] Furthermore, the same optimal flatness FUop2 exists too also about the stability (it is also called line breadth purity) of 
said main wavelength of excimer laser 4. That is. for that purpose, it is said flatness FU that what is necessary is just to both 
store the stability of said line breadth and main wavelength in predetermined tolerance in order to store said wave-front property 
in tolerance required for exposure of a stepper. What is necessary is just to make it store in predetermined tolerance. 
[0047] Said wave-front property measuring device 20 is used for drawing 6 , and a flow chart shows an example of the procedure 
which optimizes said unit wave front 34. First as said prism 7A. 7B. and 7C. a mirror 37. and a grating 10 are selected (step S21), 
next said drawing 1 and drawing 4 explained, an interferometer is used, and it is the wave-front property W of each of said optic 
(X. Y). It measures (step S22) and the radius of curvature R of the outgoing radiation wave front 41 of each optic is calculated 
(step S23). Next, it checks whether these radius of curvatures R are contained in predetermined tolerance (step S24). an optic is 
newly selected about what is not contained in tolerance (step S25). and it returns to step S22, and is the wave-front property W 
(X. Y). Re-measurement is performed. If said radius of curvature R is in tolerance at step S24. according to said-two number, the 
wave-front configuration KU (X. Y) of said unit wave front 34 will be searched for (step S26). and it is said flatness FU. It asks 
(step S27). Here, it is this flatness FU. If it checks whether it goes into predetermined tolerance (step S29), and it does not go 
into tolerance, and it returned to step S21, selection of components was redone and it enters in tolerance, the narrow-band-ized 
unit 12 will be assembled using these components (step S31). 

[0048] At this time, an example which added the procedure explained to the procedure of this drawing by drawing 2 in said 
operation gestalt is shown in drawing 7 . That is. after inserting the part enclosed with a dotted line between step S24 and step 
S26 and checking that the radius of curvature R of each optic is in tolerance, the wave-front configuration KG of said grating 
wave front 15 (X, Y) is searched for (step S33). This is based on the following several 3. 

[Equation 3] KG(X. Y) =WpA (X. YHWpB (X. Y)+Wm(X. YHWpC (X. Y) — and Radius of curvature RG of the grating wave front 15 
which carries out incidence to a grating 10 from this wave-front configuration KG (X, Y) It asks (step S34). If this checks whether 
it is in predetermined tolerance (step S35), and is not contained in tolerance, and it returned to step S21, selection of 
components was redone and it enters in tolerance, it will shift to step S26 and said wave-front configuration KU (X. Y) will be 
searched for. 

[0049] Thus, according to this operation gestalt. it is the wave-front property W (X. Y) about each optic of the narrow-band-ized 
unit 12. The wave-front configuration KU (X, Y) of the unit wave front 34 which it measures and are those sums to said flatness 
FU It asked, and the optic is selected so that this may be settled in predetermined tolerance. As explained to said drawing 5 , it 
is this flatness FU. Said wavelength property can be stored in the predetermined range by having an optimum value about the 
wavelength property of excimer laser 4, and storing this in the predetermined range. Namely, this flatness FU By selecting the 
optic of the narrow-band-ized unit 1 2 so that it may become predetermined tolerance, it can store in the range of which the 
narrow-band-ized optical grace of a laser beam 3 is required. 

[0050] Next, the 3rd operation gestalt is explained based on drawing 8 . In addition, what attached the same sign in drawing shall 
express the same configuration as the conventional technique and said operation gestalt. 

[0051] Drawing 8 is a block diagram at the time of measuring the wave-front configuration KU (X, Y) of the unit wave front 34 
which makes the narrow-band-ized unit 12 shown in said drawing 3 the measuring object 8. and carries out outgoing radiation 
after this using said wave-front property measuring device 20. In this drawing, the laser beam 29 which passed the reference 
mirror 31 like said drawing 1 passes Prism 7A and 7B, and it reflects by the mirror 37. and it passes prism 7C. and it carries out 
incidence to a grating 10. The light reflected by the grating 10 passes along the aforementioned optical path in the reverse sense, 
and it carries out incidence to the reference mirror 31 as a measuring beam. Said wave-front configuration KU (X, Y) is 
measurable by carrying out image formation of the interference fringe 33 formed of the measuring beam and said reference beam 
on said CCD camera 36, and analyzing this by said interferometer controller 38. At this time, each above-mentioned optic may be 
selected at random, and may use the optic selected in a procedure which was explained in said 2nd operation gestalt. 
[0052] That is. with this operation gestalt. the wave-front configuration KU (X, Y) searched for by the operation in the procedure 
shown in said drawing 6 is actually measured with the wave-front property measuring device 20. And said flatness FU Said 
curvature actuator adjusts the curvature of a grating 10. calculating, and it is this flatness FU. While storing in said predetermined 
tolerance, it is said optimal flatness FUop about this. It can bring close further. 

[0053] Moreover, at this time, not only the grating 10 but said mirror 37 is equipped with a curvature actuator, and it is said 
flatness FU. It is also possible to adjust the curvature of this mirror 37 and to optimize said wave-front configuration KU (X. Y). 
measuring. Moreover, temperature control components, such as a Peltier device, are stuck on said each prism 7 (7A. 7B, 7C, 
etc.). and it is said flatness FU. It is also possible to control this temperature, to change the wave-front property Wp (X. Y) of 
prism 7. measuring, and to optimize said wave-front configuration KU (X, Y). 

[0054] Thus, at said 1st and 2nd operation gestalt. it is the wave-front property W of each optic (X, Y). To having been based and 
having selected the optic, with this operation gestalt. the narrow-band-ized unit 12 was assembled and the wave-front 
configuration KU (X, Y) of the wave front which carries out outgoing radiation from the narrow-band-ized unit 12 is measured 
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with the wave-front property measuring device 20. And it is based on this wave-front configuration KU (X Y) and is flatness FU 
Calculating, the curvature and temperature of each optic are adjusted and said wave-front amendment is performed so that this' 
may be stored within the limits of predetermined. Thus, since the wave-front configuration KU (X, Y) can be optimized further 
optical grace of the laser beam 3 which carries out outgoing radiation from excimer laser 4 can be made still better 
[0055] Moreover since according to this operation gestalt it can carry out before carrying adjustment of the narrow-band-ized 
unit 12 in excimer laser 4. after carrying, it does not say that adjustment does not die well and adjustment time amount can be 
shortened. Moreover, the power for an oscillation is unnecessary at the time of adjustment, and the cost for adjustment can be 
reduced at it. Moreover, since it is possible to adjust and carry the narrow-band-ized unit 12 in a location different from excimer 
laser 4, when a problem occurs in the wavelength property of excimer laser 4. adjustment time amount can be shortened by 
exchanging the narrow-band-ized unit 12 for an adjusted thing beforehand, for example, the down times, such as a stepper can 
be shortened, moreover, the result of having carried out wave-front amendment of said narrow-band-ized unit 12 — for example 
flatness FU ** - since it is lost that can set up the desired value of amendment since the numeric value to say is estimating ' 
and the degree of wave-front amendment changes with an operator's levels of skill, the wave-front amendment with sufficient 
repeatability is possible. 

[0056] Next, the 4th operation gestalt is explained based on drawing 9 - drawing 12 . In addition, what attached the same sign in 
drawing shall express the same configuration as the conventional technique and said operation gestalt. Drawing 9 is the block 
diagram of the excimer laser 4 by this operation gestalt. and is equipped with four prism 7A-7D in the narrow-band-ized unit 12 
They are [ wave front / by which outgoing radiation is carried out from this excimer laser 4 ] radius of curvature RL and radius of 
curvature RL in the configuration of the laser wave front 39 and the laser wave front 39 about the radius of curvature R of the 
rTn V ^ fr e° n ! ? onfi ,f jra ^ n KL (X ' Y) and * e ,as ^ wave front 39. It is flatness floor line about the inverse number. It carries out. 
LQ057J Said line breadth of excimer laser 4 and relation with said laser wave-front flatness floor line are shown in drawing 10 
here. Laser wave-front flatness floor line The point set to 0 is a point that said laser wave front 39 serves as a plane wave It is 
said flatness floor line like [ drawing / this ] said drawing 5 . It is the optimal flatness FLop to the line breadth of excimer laser 4. 
It turns out that it has. That is. in order to make line breadth of excimer laser 4 into min. it is flatness floor line. The optimal 
flatness FLop What is necessary is to make it in agreement and just to optimize said laser wave front 39. Moreover, in order to 
hold down said line breadth to below a line breadth allowed value required for exposure of a stepper, it is said flatness floor line 
What is necessary is just to make it store in predetermined tolerance. 

te058] Moreover, the same optimal flatness FLop2 exists too also about the stability of said main wavelength of excimer laser 4 
That is. for that purpose, it is said flatness floor line that what is necessary is just to both store the stability of said line breadth 
and main wavelength in predetermined tolerance in order to store said wavelength property in tolerance required for exposure of 
a stepper. What is necessary is just to make it store in predetermined tolerance. 

[0059] A flow chart shows an example of the procedure which uses said wave-front property measuring device 20 for drawing 
1L and optimizes said laser wave front 39. First, as Prism 7A. 7B, 7C. and 7D. a mirror 37. a grating 10. the rear window^Uie 
front window 13. and the front mirror 14 are selected (step S41), next said drawing 1 and drawing 4 explained, an interferometer 
is used and ,t is the wave-front property W of each of said optic (X. Y). It measures (step S42) and the radius of curvature R of 
each optic is searched for (step S43). Next, it checks whether the radius of curvature R of each optic is contained in 
predetermined tolerance (step S44), an optic is newly selected about what is not contained in tolerance (step S45) and it returns 
to step S41, and is the wave-front property W of each optic (X. Y). It measures. If the radius of curvature R of each optic is in 
tolerance at step S44. the wave-front property W of each optic (X. Y) will be added in order of the bill of materials of excimer 
laser 4. and the wave-front configuration KL (X. Y) of said laser wave front 39 will be calculated (step S46). Furthermore it is 
said flatness FU. It asks (step S47) and is this flatness FU. If it checks whether it goes into predetermined tolerance (step S49) 
and it does not go into tolerance, and it returned to step S41. selection of components was redone and it enters in tolerance the 
excimer laser 4 indicated to said drawing 9 using these components will be assembled (step S51). 

[0060] Said flatness [ in / as this operation gestalt furthermore shows to drawing 12 . said wave-front property measuring device 
20 is used, and / the laser wave front 39 of excimer laser 4 ] floor line It has measured. 

[0061] In this drawing, the laser beam 29 which passed the reference mirror 31 like said drawing 1 passes the front mirror 14 the 
front window 13. the rear window 5. and Prism 7A and 7B, and it reflects by the mirror 37, and it passes Prism 7C and 7D and it 
carries out incidence to a grating 10. The light reflected by the grating 10 becomes the reverse sense with the laser wave front 
39 through the aforementioned optical path, and carries out incidence to the reference mirror 31 as a measuring beam By 
carrying out image formation of the interference fringe 33 formed of the measuring beam and said reference beam on said CCD 
camera 36. and analyzing this by said interferometer controller 38. the wave-front configuration KL (X. Y) of the laser wave front 
39 is measured, and it is said flatness floor line. It can calculate. 

[0062] Thereby, it is said flatness floor line. The curvature of a grating 10 or a mirror 37 or the temperature of prism 7 is 
adjusted like the 3rd operation gestalt, measuring, and it is this flatness floor line. Optimizing further is possible 
L0063] Thus, it is each wave-front property W (X, Y) about the optic which constitutes excimer laser 4 according to this 
operation gestalt. The wave-front configuration KL (X. Y) of the laser wave front 39 which it measures and are those sums to the 
flatness floor line Each optic of excimer laser 4 is selected so that it may ask and this may become predetermined tolerance 
Moreover, flatness floor (me of this laser wave front 39 It is this flatness floor line further by aflusting the curvature of the 
grating 10 and mirror 37 which were mentioned above, or the temperature of prism 7. measuring. Optimizing is possible. Thereby 
the narrow-band-ized optical grace of a laser beam 3 can be optimized. Moreover, since it is aojusting by taking into 
consideration the effect of the diffraction in the edge of said aperture 6 at this time, the laser wave front 39 can be optimized 
much more correctly. K 

[0064] I moreover, explanation of each above operation gestalt - setting - said wave-front configuration K (X. Y) from, although 
pw , US D °w Tf V 6 ," °! a wave front is sea rched for and he is trying to calculate the flatness F which is the inverse number 
PV value PV which is the difference of the maximum of the point of measurement 43 of the wave front of a laser beam 3 and 
the minimum value .nstead of radius of curvature R as shown in drawin K 13 at this time It computes, that inverse number'is 
To ,?rf™t an f r^/T^ * in Moreover, as similarly shown in drawing 14 . the rms value which is the 

HZ /!. l ! qU . are ° f dlstance of the approximation curve 44 of a wave front and point of measurement 43 is 

computed, and you may make it store this in tolerance. These values can be calculated by analyzing an interference fringe 33 
moving the reference mirror 31 by said interferometer controller 38 

12?X Y^t e m "!l 0 e nt Pr ° Pe ^ [ according to ' as ^plained above / this invention ] W of each optic in the narrow-band-ized unit 
l*. y; it measures, and he computes the wave-front configuration KG of the grating wave front 15 which totals them and 
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carries out incidence to a grating 10 (X. Y). and is trying to store the radius of curvature R calculated from now on in 
predetermined tolerance. Since it is stored in the range which always bends a grating 10 for the radius of curvature R of the 
grating wave front 15. and can perform said wave-front amendment by this, the excimer laser 4 of good optical grace can be 
obtained. Moreover, it is also possible to acquire a good wavelength property, without bending a grating 10 
[0066] Moreover, wave-front property [ according to this invention ] W of each optic in the narrow-band-ized unit 12 (X Y) It 
measures and they are those wave-front properties W (X. Y). He computes the wave-front property WU (X Y) of the unit wave 
front 34 which carries out outgoing radiation from the narrow-band-ized unit 12 by totaling, and is trying to store this in 
predetermined tolerance. Thereby, since the wave front of the narrow-band-ized unit 12 can be optimized, the excimer laser 4 of 
good optical grace can be obtained. Moreover, wave-front property W of each optic (X, Y) Since suitable components are judged 
to be unsuitable, and are not abandoned and components do not become useless as combination of an optic can be performed 
appropriately and mentioned above, since it grasped, the cost for manufacturing excimer laser 4 can be reduced 
10067] The wave-front configuration KU (X. Y) of the unit wave front 34 which furthermore carries out outgoing radiation from 
the narrow-band-ized unit 12 according to this invention is measured, and it is the flatness FU of this unit wave front 34 The 
curvature of a grating 10 or a mirror 37 can be adjusted so that it may store in predetermined tolerance and may become close 
to the optimal flatness Fop if possible. Since the narrow-band-ized unit 12 can be adjusted by this, without oscillating excimer 
laser 4. while being able to shorten adjustment time amount compared with the case where it is made to actually oscillate it is 
flatness FU about extent of said adjustment Since it can grasp for the numeric value to say. dispersion in adjustment by the 
operator can decrease and repeatability can be raised. 

[0068] Moreover, according to this invention, it is said wave-front property W (X. Y) about all the optics of excimer laser 4. 
Wave-front configuration K of the laser wave front 39 which carries out outgoing radiation from excimer laser 4 while measuring 
r£J«i , " Ce measures and ,s adjusted, the effect of said distortion in all optics can be suppressed 
L0069J In explanation of the above operation gestalt. although the Fizeau interferometer is used as a wave-front property 
measuring device 20. this invention is not limited to this but may use a Michelson interferometer etc. that what is necessary is 
just what can measure said wave-front property. 

[0070] Moreover, although the wave front which carries out incidence from said wave-front property measuring device 20 was 
explained as a plane wave 40. this should just be the wave front of known [ configuration / of a wave front]. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .^document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ DraWing 1] The ex P |anator V view of the wave-front property measurement concerning the 1st operation gestalt of this invention. 

R™£ * Jh C hr° W L C l3 art Whlch * hows an exam P ,e of a Procedure which stores radius of curvature in tolerance. 
[Drawing 3j The block diagram of the excmer laser concerning the 2nd operation gestalt. 
[.Drawing 4J The explanatory view of wave-front property measurement. 

fggfi g If! 6 ^"TZ* u *u f th ° re,ati ° n betWee " the ,lne breadth of excimer ,aser > «"* a wave front. 
[Drawing 6 The flow chart which shows an example of the procedure which optimizes a unit wave front 
[Drawing 7 The flow chart which shows an example of the procedure which optimizes a unit wave front 
[Drawing 8 The explanatory view of the radius-of-curvature measurement concerning the 3rd operation gestalt 
[Drawmg 9] The block diagram of the excimer laser concerning the 4th operation gestalt. 
[Drawing 10] The explanatory view of radius-of-curvature measurement. 

[Drawing 11] The flow chart which shows an example of the procedure which optimizes a laser wave front 
[ Drawing 12] The explanatory view of wave-front property measurement of excimer laser 
LPrawing 131 The explanatory view of a PV value. 
[Drawing 14] The explanatory view of an rms value. 

[Drawing 15] The block diagram of the excimer laser by the conventional technique 
[Drawing 16] The explanatory view [ wave front ] of distortion. 
[Drawing 171 The explanatory view [ wave front ] of distortion 

S^So^Sr ^ ° f *' WaVe_fr ° nt amendment bV COnVe^ti0na, teChniqUe ' 

1 C — Excimer laser. ] - A chamber. 2 - A discharge electrode. 3 - A laser beam. 4 5 [ - Measuring object ] - A rear 
window. 6 - Aperture. 7 - Prism. 8 9 — A beam expander. 10 - A grating 12 - Narrow-bandied .Tn?t 11 a r ! • ^ 
14 - A front mirror. 15 - Grating wave front. 16 [ - P.ane wave. ] * A window. 17 - A wfndow 8 — An optical axis 
[ — Convex wave. ] - A wave-front property measuring device. 21 - A concave surface wave 22 - A ♦ 
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^K»*»«»tt«:»L-c*ajI5tt^-j-S©-C. Cfttc 40 

[ 0 0 2 8 ] -M*3I7tCEI|CDftHtt. 
JS*fr& ^^iiS^igx+'>v u— tf 4©j£ffigjHb:£ 
fficcfe^r. sw^b-ax ? h i 2*ffl*s-r. Bute!* 
?&8Hb.3.x„ h 1 2icma<Dms^xm^-&tcm<Dmm 

jg®4 1 r&&xx „ y&ffi3 4<DmMBViKU(X,Y)& 

mzm&iLxbtitcw&mte-v n 1 2tc*fur«'j5g 

U C©igffi^KUCX,Y)*5BffS©^<t^Si^CC3fe 50 
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^gPa 0 n©sa&^Ttt 5 «fc -5 (c ur os. 

[002 9] IS^7 «HE«S©^l§tCj:ft{i, Jfc^Wb 
3.x h C<D®&m<t3.-v YK.ma<D®. 

M*AM2-&tcv&<DmM®Mx$>z3.~y y-mmoum 

«tt*»JJE or . c ft^ScD^tttt: ft & «fc *, ics^i^ 
{b^-x^ h©s^g|j n a n ^DiKbr^.2, 0 c<DW&m<k 
j--? h<DwmmKitm-&^icMLxmmnm^mr 
s©r. cftzwifc<Dit}mcm&-§rz>tticj:K). mm 

r/c^gp D a D * u— tftc^ts-r SButci^^f tt ^ci 
#r#£©r. *Rgtc^i^f^5ciJ&bK:^g!|ti4 
^^©fBHfCjRsb^ciAirt. ^tgUr*>(E>DllM*s 

S©/cfe©3x h*{s?isr#s. 

[0 0 3 0] */c. l«*^8(Cia4g©^Bj« v m%i£§£ 

&K.iH,>X. memtWiX-**/-?^-- !f4*ffl,^3ir. 
C ©S^^^H x + -> -7 u — y 4 tcg£ftl©je® * AJH $ 
1*/c^©ffiS^M4 1 T*4U-fiS13 9©jgffi^t/C 

k lcx ,y) 4 itJieaa&irc eft/cx+^vu--«f4«:*]L 

rS'MU. C©?S®^KLCX,Y)*5B)fS©^<b^SJ; 

5 «c^SPo a D©iglil*tf)5c -5 «fc -5 b r (, ^ „ 

[0031] i»^8 tciBtg©^{cifttf, 

jlx+i/vu-if^iH^r. c©x+->-7u— tf(cK 
^©igM* AS4 ? i±fcl£© mtJ&Mr * u -if jgffi© 
&ffijf£i*£i|ifi£ br . C ftASBfr^©^^K ^ «t ^ x 

— tf ©i&Mjfct*: tt&s^ (c*f b r &®fl£R**-r ^ © 
r, c ft £j^©ffM£k:Dg$£-r£ eicc.fco. ^Wj:* 
p D atiL©U-1f31£?:f#SCi^r#So S/c. ffl^Stfc 

*mp B £ u— tf (c^tg-T Smi«:il3^^f & 5 c £#r 
# S©r . ^Ktc^!l*tf ^ C ttj: U«c«cS#14^B(f 
S©®HfCJR*^>Ci*ir#. ^4SL/r*>6IS!g*5^$ 

<«9>*^=cu<!:U'5c<!:^«£< . mwmmzmffixz 

S/c. S3gB$lc^©fci*©m;^#^r£>9 s pm© 
[0 0 3 2] 

«ci^*?S*iS0Sgj&i¥JH{cgiHj-rs. ^cfe v a«:*jc»r 
Is]— ©^*«U/cfe©«. ^3t5j$JI5i|oI— ©^^^ 

■rfc©i-rs. 

[0033] si~02«:3-3t,>r. mi<D$mBm& 
mw?z. iiic, 7^y-^tf«;j; 0 r, -aijjg*^ 
8-c*4^ijxa7 ©^14 *tH«r s B5©t?t/a*^-r . 

|B)S«C*i^r. mtiK r Fx + ^-7U--tf©^Jijgs 
r*-5 2 4 8nm©%Jlg®S(cac^l%ig^S^orJU^ 

U. C©U-1f*2 9*ffl;tStU>X2 6. e-A^^.J 

ff2 8M3 ';^-^u>X2 7*aia$-e-ra^: 
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U 1fck£tltc¥-Wi&4 0£gp#j§jl3 ^-#>e>ft£# 
MS 7- 3 HCAtti*-tt£. C©#^5^-3 1 {JMffil 

[0 0 34 ] BufBU-if5fe2 9«. iitriB#J8 3 ^ - 3 1 

r— sw%.m 3 tix^mt 1 ft o . — 55-3 

•S. XyXA7£@i®L/c7fc©$E£ttilt$E4 1 if 

*4. cn*s5 7-2 4«:sii:{cA*fu-css : »3n. 

iBX'JXA7£i£[S]#tCj§&bT#flS3 7-3 1 KiMl&I 
#«cA*fU &ffi4 2£*ri,fc8'J5£:ft4ft.i> 0 5 5-2 

4«. s>rfe#M5 7-3 1 tmwuc^vmw&w-micffi 

[003 5] CCT, B?IB#M5feiSiJ^i«tr-AX 

xy ^zsr^Tifiificisstsn, ,^u>X3 5 
6 tctttrr s. $ fcHufe#jg s 7 - 3 1 «. m«c p 

U fc^tf 3 >hD-738*> ^©lg^cg-3^ 

r. trx-y*T-*« 0 fcfi-/rf *-.»x-*3 0£iE 

■W"*C4KJ:orH<*>ZltoErRHca«i?ltt-p*0. C 
(TMmcW- -3 -c Itfgd^F^ifjS 3 3 3 „ c©TOMS 

3 3©»5Srfria^fhn>ho--7 3 8Tfl*fTSCi 
CCfcoT. «'JS:ft©&ffi4 2<DMmCim, 

fcb*f&ffi 4 1 ©J^fi. C©^yXA7 «C3PM$ 4 0 5: 

AW^-a-fci^^c. £©«t5<ciB«ftii4 i#tBstrs 

*»**Lfcfc©T\ S*X. Yf*©M^i UTfWc 4 
C©il8S[£XyXA7©&ffi#t£Wp(x,r)4D¥ 
T^ttn^ 3 S-T^H^UcJr-oT. 

C©jffi®#14Wp(x,Y)*ttE-ciaiHL--C. ffi*f&ffi4 l 
©***SRp *»a-rSC4fcDj^r*-5. £©£*> 

ttWp<^,Y)*«3Er*«iii«tSfeM3eK«2 0 4LTffJffl 

[003 6] C©4#. BifieS 1 8«C^TJ:5tCj£lfl£ 
fta-* h 1 2«tA*hr£ASt&E3 2*HPH»rc* 
0. HUlB«'J5©Cj:- 3 -CXyXA7 A. 7 B ©i&ffi^ttw 

cx.vo^-^n-en&ffi^WfAcx.Y) . i&ffl^wpBcx, 

Y) "C*,fcit5i, yu-fwr^l OKXHTft 
^U-^-* >d/jSTffil 5©JfcKtt0itiX. Y¥4©H^i 
Orai-Ci^ti. C©H»*«H»ttKC0C.Y)t 

[»13 KCCX,Y) = WpA(X.Y) +WpBCX,Y) 

itCfc^T. cn-E>©^gPn a a «rililX«S*fC-/c?gM 

[003 7] C©^lx-7-^>^ ffil 5 ©& E 

^KKCCX.Y)*!?,. i/b-f^>^H5«Di$¥S 
Rc *?g#-r-5C4*J-c#S 0 C©ffi^SRG i/ 
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U - * > tf 1 0 ©ifcgjliR!f$tt#{£T O ft t WgfiH 
F*9fC HXS) Z> C 4 #T i* n«. sulBiSMfiiE^T ft *> c 4 

[0 0 3 8 ] i2ic. »SSFHMta-» h 1 2^t5 
S3l6^Sf5 D a D©BU ISWftteW (X , Y)£giJ3£ L, T . BiTiEffl 

^¥&rg ^mrierFSiSHrticJix^-s/citi©^©— ^ 

2(C<£ffl-r&XyXA7A, 7B£jS5eL (Xf'jT'S 

1 ) . miles 1 -etftnj ofc J: 5 ccttffiftttMjgKe 2 0 
io ?rfflur±ieji^L//cXuxA7 a, 7B©-en-en© 

iSS^ttWpACX.Y) . WpB(X,Y) *jHgt, (Xr'^'S 

2) . ^c*>6-en^*i©i&ffi©A$i)£SRA. RB £ 
i^-r^> (xf,^S3) . ciiF>©fl^SR 
A. RB »sgf^©itgjEH«:Aorti-5,^S*^filigL 

(^t--^XS4) . s¥3£a5HtcAoTtr»ftl,»fc©K:oi» 
r«^aj n a D 5r=&ffc(C3S^UT (Xt^XS5) . 7f 
» XS 2 !CR^tiSI#ttW(x,Y) ©WS'J5c^f ft 5 . 
tfttt. B?rieHi*tiSM4 1 ©Eft^SR^gigH*^ 

20 -Cl^cO LTUS4*iJ»t-C#S*^-c*S <> x^ -^'S 
3-CS^gp a a a ©ftS^SR*i|*gi5fflrt-C*ti«, BU 
§eSfci«cge->ryu— r-/ >if\ Q<£.\tt?z>tri>-T 
H># ; &m\ 5©&M^KCCX,Y)^i!!> (Xf-^S 
6), >^jg® 1 5©ft^SRC 

^T-;7"S7). CCT, ^©ft^SRc*^ gfjg 
©fF§®H(CA-3Tl>£*>5fr£S!!gl, (X^-^^S 
9) . f¥^f«SHtcA-jTt,>ftwn{f^b-7-^>^i o 

£fflif r B?iej^MfflaE*s -5 $ < «9>#>ft t^©-r^ ^ ? ^ - 
s itcM-5rgp n D a©ji^?r-^oii:L/ s ^©fflrttcAo 

30 Xi,>tlitCtltb<D^S,^mr>-C^mit^^y h 1 25: 
^*5irS (^f-;7'S 11). 
[003 9] BUl2#JlB©ttiT, e-Ax + X^O ^9 ffi 
2<1©X >; XA 7 A . 7 B«^{Cffe©^SIJ D D n*^-C 
X-r 7'S 2 -C^-n6©^gB n t n ©^E# 
14W(X,Y) ^btt¥4^R ^f^7'S4 
•C^n6*i| i i : SSSHrt{c*SC:4^IlIgL > Xr- vXS 
6r^U-x^>^jSHl 5©»®Jg:KKccx,Y)5:^s!) 

40 [0040] c©«fc ^tc^^is^sgccttx^ 

^Si5p a a {co^r-e-©^®!i$i4wcx.Y) fcMjeu ^n?, 

©i^S^ttWcx.Y) 5:J£b^-<±SC4«:J:^r. i^U 

-7-H>if\ oicxm-r^i/u-y-Hiyi/mmi 5©« 

ffiff^KCCX.Y)***. ^C^6S^?5RG £?H@ 
0. cn*igf^©i^gf5fflrt}C)RS^ <: fc^{c^gBa 1 ^ 

ji^ort,^,, ctKcio. m$kicimmt=>.- ■> \. 1 
2^ffl^AiTsc4ft<. vm^msmsmtuimm 
ftSi5p a a?rii^sc4*i-c#So -e^-rnjs:. ^iBft^ 

so -T- -f > ^ 1 0 =&iftif xmmmmjE*n ft ^ c 4*101 
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[0 04 1 1XK. H3-EI7(CS-^C^r. ^2<DHife 

U— !f 4 ©HlfiSfcjjVr. GlEIKiiK-f J:Mc. C©x*-> 
*f4©«fE»P»lSMb3.-f I- 1 2(i, 7 - iJXA7 
A. 7B. 7C. 55-37. S^U-f^yiO 

K£ Sd^tHt^fcU-lfftSa:. ^'JXA7A, 7B 

^ffijair & race -?•©&£•&# e>n. s 5-3 7-csjhi, 

7V >^1 OCCAW-T-S. 5 5-3 7tt|g|7nU&t,M!iE 

>SS7 * ? x - $ ic «fc -o r U — !f 36 3 ©7fc8g{C*t 
fc. fiufB^66ff$5g<i:|5]SCt. S^L-^cl^tt^T^^^x 
[0 042] [34&C. B?IBS1©7-';XA7 t|5]1t(cmj 

ta^u-f-f >?i 1 zmiE.*tm tor 

KBU if\s-7-< 0©»S!t#ttWg(X,Y5^5 5 

-3 7©«lH^WmCX.Y3*SHIB-J-*B5W)«lR*^-r. 

ai »H 2?:fllfiKr&^^giJ D D D ©jgE^ttwcx.Y) 
&ftfftttta!J£KlK2 0 i UTfUfflf £ CiA! 

[0043] C©<h#. WmHb2L^ 9 h 1 2*6UJ« 
t4U- !f?fc3©?gffi£.xx„ h$gfflB3 4£U -e©$ 

!Bi5«*ifia0KttK ucx.yd t -r a t . c ©-aw^K u 
cx,Y)«B!iie^ i twrn.. wmmt^-v n 2*18 

[oo44]fct, striae l&txia 4 ics-^u-c. & 

wHJHfcxx 9 h 1 2 *^-rSS^g|5D D D ©«®#14W 
CX.r) ^rftiB'J-T 7"'JXA7A, 7 B, 7C. 57- 
3 7. &D^b — ?-f>*l 0©igS^W(X.Y) £. 

-en-enwp^cx.v) . w P B(x,r) . wpccx.Y) . wmcx, 

Y). Wq(X,Y)<!:-r •?)<!:. &®^tKKU(X ,¥)«#©& 2 (e 

[&2] KUCX,Y) = WpA(X.Y) +WpB(X,Y) + WmCX, 
Y) + WpCCX,Y) +WqCX,Y) + WpC(X,YD +WmCX,Y)+W 
pB(X,Y) + WpA(X,Y) 

C©i£®ff£t#KUCX,Y)#>P>. ^^W3 4CT)iff 
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iIifc£¥®SFu t-r-S. 

[00451 15K, x+->?l/- !f 4©Buta^itii. 
BriB-ax? h^M3 4©-sp®SFui©K#?rm-r= bu 
I3¥ffig Fu WOtiCtj: *> B5IBJ.X 9 h jffiffi 3 4 *s 
¥ffi&£fr£ BIEUfe*). ¥BB&Fu#. x* 
->-7U— tf4©i^ilig(c5PtL.-Cg3i^®aFUop Ir^c 
TStto%. x + ->vU-if4©,^iH^/h 
(c-r^fc*(ci3:. spM^Fu £&5S¥®SFuop &c— Ifc 

§ #n« tinax x „ h 3 4 br s* . mriai®*! 

[0 04 6] 3e>tC. xt->7l/- tf 4©Bi)fBtl3^S 

©&S¥ffigFuop2*5??aETr&. -TAjrto^. mfie&M# 

fc*CC«. BiTIB^iHa i ^C^S©$Stt*ft (CffS©!* 

Wm&F u ?:^©f¥S©HW«:i|XS)^ < i; ^ (cf*T.«J; 
20 15„ 

[ 0 0 4 7 ] m 6 tc. mriB&ffi^ttS'j^g 2 0 ^m^ 

r . buIBxx », h&cB 3 4 ©S^b^tT^c ^ ^m<D— m 
^0-?t- h-CSxT. *r. BUIB7* V X A 7 A . 7 
B. 7C. 55-3 7. SCJ£^U-^^>^1 0*S^ 
L- 1) . ^{C. friBS lM§4-C|Si?S 

L/fci^iC^tt^rfflt^T. BUlBS^g|5 a a a ©jS?ffi#^ 
W(X.Y) *mmis (Xf 5 ^S22) . S^SB D D a ©tB 

stis®4 1 (D&mtmRzmn?*, * ?s 2 

3) . itoc. cn6©ft^SR*JBFf^©l^«SHfcA 
30 oTt>£#>sa>£Jit8L, (Xf^S24) . I^SBH 

t (7f-^S25) , ^S2 2«Cl-,ri$l« 
ttW(x.r) ©SH-SJ*^^. Kt- v 7S 2 4-CmrfBft 
*^SR*if¥§S5Hrt-C*ntf. iftfBifc2{Cfto-Cii«ia 
•3-- h ®® 3 4 ©i£®ff£t#K UCX.YD^i* Uf^ 
S2 6) . ^n^6*1jgB^®^FU ?r^«>^ Uf-,^ 
S 2 7 ) . CCT, C (OW-mm. F u #t9r3S©n@ttB(C 
Ao-CC^*>S*>^5i^!L- (Xf u 2'XS2 9). 
HtCAoT l>ft»hBxf 9 2 1 {cg?oTg)5 D a n©il 
40 S^OIU i^SSfflrt{CAoT(,^n«Ctl6©gl5n D a 

S31). 

[0048] C©£^. |5]0©^»C. SufBiyfe^SICC 
fct>-C0 2 ■CHWLfc***in*.fc— «*H 7 tCTS^-. 
-r*t>^. ^7 i ^S24iX?»,7 - S26 t©PIK A 
^rH^?cg|l^■^JfAU. S^SiI D a a ©fl^SR*Si^ 

&® 1 5©^ffiJ^KC(X,Y)?r^to^> Uf-^S3 
3) . Ctttt. ^©^3(C«fcS. 
50 [?»3] KC(X,Y)=WpACX,r) +WpBCX,Y) +Wm(X. 
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Y) + WpCCX,Y} 

C©^M^fCKC(X I Y)*>e.yU-X^>yi 0 
{CAStT&^l — f^y^MIl 5©ffi3UNSRG 
»(Xf,^S34) , tn#flfi£©|2F§®Brt(c$>£ 

C^«ti-tn«^-f ^7 - S 2 1 (cKoTgft&©i!5E£^>r)il: 

urmiia&ffijfcttKucx.Y^jfc&s,, 
[0049] C©<fc 5 icfc^ffjg&cintf . JfclgJDHb 

®^ttKU(X,Y)*e>. BMie¥®SFU Ch« 

•5= Bfriesscc^u/ct^k:. co?igFu itx# 

©*mciK«>*C£#rS4. Tfcfc^ c©?ISF 
u #i^©f^®fflK&£«fc5fc$l^igHb3.x.;, h i 2 

[005 0 ] ^(C. 0 8 fc»^»T*3<D*H5»«*Bi 

[0 0 5 1 ] H8tt. BUia&E^tt«>j;^M20£fflt,> 
T. Bul20 3fC^U-t^^{t^--^ h 1 2£$J5£*fa 
8iU Cn^6tbl=tf £.nx-, l-&tB3 4©)£®JBtt 
KU(X,Y}£$'JS-T£|8©1S;&0r*.5,„ |g)0(cfct,>T. 
BUIS01 <t|SJ«l«:#M5 7-3 1 %Mmotcl'--*r3t2 30 
Ott. 7''JXA7A, 7B*S»U 5^-37-CS*! 

*hr&„ >/\s-y-4 o-cstiL^tt. gtrta©^: 

*S3 3*B?ffaCCD*^53 6±CCig^3-y-. Ctl^BU 
fe^W-3>ho-5 3 8-c^*f-rscitcJ:-or v mi 
ie&MJf^Kucx,Y)?rHiiij-rsci*s-r*^ 0 c©<t 

±iE©#7lc^:a5D D a tt7>^AK;j®SL-Ct<f:t,»L. 

mf§BB2 mm&i&icis^xmi vtcj: *> ac^wcas u 40 
[0052] mrsaE6 kthi, 

ttW^«2 0-c*m«ctHMbT<,>s. striae 

U— ?w 0©ft^5r|^lSLrC©^fflaFu £fu 

Km ^©i^SfBfflrt (cnxtosiifccc. cn fries® 

[005 3 ] &/<:£©£**. ffljJSy^^x-**:^ 
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mjia^F-SgFu £9JS0&**6c©5-7-3 7©fi*£ 
tJ^OTif!ifa&E^t£KU(X,Y)£&ji<bT-2> C £ fcnjfcg 
S/c. iiufB&XyXA7 (7 A. 7B. 7C 

30 tc«*»at^^?-**^©jm3it-f*ter,, girled 
MS f u zmm t, & # <=> c ©sg?rfij'<ai u r -7 y xa 7 

[0054] t©<fc5(c. MEflti. arcxtegflfct* 

S3£^SB f D ©«ffi!|$14WCX , YD tcg-3t, ^-C3fe#g|5„ a n ©3l 
Jt*tf ft o fc©(c*t U *»HBar tiSHMWti- » 
h 1 2 -e©»#*S<tii» h 1 2*>6tiiS'f 

"J" S &ffi©i£tBJfct# K U(X, Y)S: jfiffi^ttaWS^B 2 0 T 
*fleLTC»S. ^UT. C©jgE^ttKU(X,Y)«CS-3C» 
t?lgFu %:W5f-l>t}Lifit>. C*i*3f3£©f5fflrt{CJR 

EffiIE£fif&-3'C(,»£. C©<fc^{C. jfcfflJfcKKUCX.Y) 

tf7fe3©^ D a p(4?r, S6(C&Vr0>6©CC-r&t: 

[0055] tn^mtmmc <fcn«. nmwt*-- ? 

hSrffiMTS-S. SEA:. KffUKb^? h 1 2*x+~> 
vU-if 4 t«'J©«^f-CjHSL/T^tt i rSC i*JpJ<i6)5t 

ttif(C»»JjMb3.i» h l 2**6*»C»gifi[»*©fe 
{b^.x-^ h i 2=&jSffiffliELft:iem*m«^PffiSFu 

t << » 5 ^tfii-r^ffi h x t» -s ©riiiE© s^fiiAi^-c 

f / ^«©^g(c«t-,-rjg®ffiiE©e[^^*ipft6 
ii^c<h*Jr«c<fts©-c. ^Oil0i»g©au}jgffiffl 

[0 05 6] ^ACC. 09~01 2CcS^ir. ^4©H 

/ct©«. saserfisRcmiBiisfe^iii-©^^^ 

4©1tfigS-t?*0 , h l 2rtCC4<!©X 

';XA7 A~7 D^iSirt^. COi+'>7l/- »f4 
^ffiWStiSjgJM^U— !fjfcB3 9, U-fiSI3 9 
©^tt?rjgffi^KL(X,Y). U— !figffi3 9©ft^S 
R^rft^SRL , ffi^SRL ©3i!ife^®gFL i 

[0 05 7] CCtSlOK, i+->7U-1f 4©mria 
^li. BiriHU— tf&®3pES?F Li©KI^=S:7n-r. u- 

— f-iSffi¥®eFL a*o fjfau— tf®M3 
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Sai^iBffiFLop 5:}#ociiib*S„ !T&*>*i. x* 

%©ffl^ffigF lop (c— scs-a-r Miet—if^® 3 9 & 

1SFL ^BiTStDltSiBHF'gtciRA.S.fc^lc-rnticfc 

[0 05 8] $fc. i+»/7i/- !f 4 <DmC4Mj»fi<D 
*Stt»CHUrt>. ^tt9|i]«©&jg¥u5JKFLop2*5?? 
SET*, rttfefc. We«fiWtt£W*.«:* ?•*><©» io 

tn«j;<. -e©/cfe{c«f<)fe^aFL ^efs©^ 

[0 0591 01 1 tc. ffi3Btfm<fflkWm&&.2 0 
lr>rfrSBU-1f?SaD3 9 ©^{b £mc 5 #Mffl©— 

Wf^to ST\ 7"UXA7A 1 7 B. 7 
C. 7D, 57-37. ^U-f^^lO, 'JT-jJ-* 

- 1 4£ii^b (Xt--^S4 1 ) . ^X«C. MieSlS 20 

ana 4 r&Bj u/ct s KTis»i-*ffli,»ri»ia***«fp 
k. a**awi,©ift**aR*$Bf3e©«FSiSincA-9 r 

C>4*>S*»*liSL Ur-;7'S4 4) . ItgJgHttA 
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